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Introduction
40
In higher plants, starch consists of two main components, mainly linear amylose and 41 highly branched amylopectin, and exists as discrete semicrystalline granules with varying 2012; Regina et al., 2006; Slade et al., 2012; Zhu et al., 2012) . Therefore, high-amylose 48 starches are of interest because of their potential health benefits. Many high-amylose cereal 49 varieties have been developed via mutation or transgenic breeding approaches (Carciofi et al., 50 2012; Regina et al., 2006; Slade et al., 2012; Zhu et al., 2012) . 51 For starches with a bimodal size distribution such as wheat and barley, the large A-type 52 starch has higher amylose content, lamellar repeat distance, gelatinization enthalpy and 53 pasting viscosity, and lower amylopectin short branch-chain, gelatinization temperature, and 54 swelling power than the small B-type starch (Li et al., 2013; Naguleswaran, Li, Vasanthan, 55 Bressler, & Hoover, 2012; Salman et al., 2009; Takeda, Takeda, Mizukami, & Hanashiro, 56 M A N U S C R I P T
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Cai, Zhao et al., 2014) . The amylose content, amylopectin long branch-chain, and short-range 84 ordered degree significantly increase with decrease of granule size in high-amylose maize 85 starch, but the amylopectin short branch-chain and branching degree, relative crystallinity, 86 and lamellar peak intensity markedly decrease with decrease of granule size (Cai, Lin et al., 87 2014; Cai, Zhao et al., 2014) . The interior hollow granule has very high amylose content and 88 show amorphous structure (Cai, Huang et al., 2014; Man et al., 2014) . However, the 89 functional properties of different morphology and size granules have seldom been reported in 90 high-amylose starches. 91 In our previous report, the large-, medium-, and small-sized fractions were separated 
Separation of large-, medium-, and small-sized fractions
118
The normal and high-amylose maize starches were separated into large-, medium-, and 119 small-sized fractions using glycerol centrifugation as described by Cai, Lin et al. (2014) . 120 Briefly, 40 mL of starch suspension (2.5%, w/v) in 80% glycerol was centrifuged at 100 g for 121 5 min. The supernatant was removed to a beaker. The pellet was suspended with 40 mL of 122 80% glycerol and centrifuged five times to obtain starch precipitate that constituted the 123 large-sized fraction. The supernatants were pooled and centrifuged at 5000 g for 10 min. The 124 resulting starch pellet was suspended with 40 mL of 60% glycerol and centrifuged at 100 g for 125 5 min. The supernatant was removed to a beaker. The pellet was suspended with 40 mL of 126 60% glycerol and centrifuged five times to obtain starch precipitate that constituted the M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 7 medium-sized fraction. The supernatants were pooled and centrifuged at 5000 g for 10 min.
128
The resulting starch pellet comprised the small-sized fraction. Finally, the starch fractions 129 were washed in distilled water and in anhydrous ethanol, and then dried at 40 °C for 2 days, 130 ground into powders in a mortar with pestle, and passed through a 100-mesh sieve. The large-, 131 medium-, and small-sized fractions had the volume-weighted mean diameter of 18.4, 14.5 and 132 9.0 µm for normal maize and 20.5, 14.4 and 8.5 µm for high-amylose maize, the apparent 133 amylose content of 31.9, 31.2 and 29.7% for normal maize and 33.2, 50.5 and 74.1% for 134 high-amylose maize, and the yield percentage of 10.7, 79.9 and 9.4% for normal maize and 135 9.6, 67.7 and 22.7% for high-amylose maize (Cai, Lin et al., 2014) . The chain length distribution of amylopectin as determined by FACE is shown in Fig. 1 .
216
The different-sized fractions of normal maize starch showed the same FACE chromatograms.
217
But the markedly different FACE chromatograms could be observed in the different-sized 218 fractions of high-amylose maize starch. Amylopectin branch-chains are usually classified by 219 the degree of polymerization (DP) into the following types: A chain (DP 6−12), B1 chain (DP 220 13−24), B2 chain (DP 25−36), and B3+ chains (DP≥37) (Hanashiro, Abe, & Hizukuri, 1996) .
221
The average branch-chain length of amylopectin can be obtained by calculating the ratio of 222 total glucose (DP 6−100 × their areas) to total areas of DP 6−100. The percentages of A, B1, 223 B2 and B3+ chains and the average branch-chain length of amylopectin in native and 224 different-sized fractions of normal and high-amylose maize starches are shown in Table 1 . (Table 1) , and crystalline structure (Cai, Lin et al., 2014) , resulting in that they had slight 309 variation in hydrolysis properties. Though they had different size, the apparent available 310 surface area (as represented by granule size) was relatively unimportant due to the presence of 311 surface pores and channels, therefore the difference in rate and extent of amylolysis between 312 different-sized fractions of normal maize starch was not significant (Dhital et al., 2010 (Dhital et al., , 2011 . (Table 1) 363 resulted in markedly lower RDS and SDS contents and higher RS content in small-sized 364 fraction of high-amylose maize starch than in large-sized fraction. high-amylose maize starches, the hierarchical cluster was analyzed on the basis of similarities 437 and differences in amylopectin molecular structure and starch functional properties (Fig. 3) . Food Hydrocolloids, 37, [174] [175] [176] [177] [178] [179] [180] [181] Hanashiro, I., Abe, J., & Hizukuri, S. (1996) . A periodic distribution of the chain length of 516 amylopectin as revealed by high-performance anion-exchange chromatography.
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Different-sized fractions of normal and high-amylose maize starches were separated.
Their amylopectin molecular structures and functional properties were investigated.
The relationships between structures and functional properties were analyzed.
Cluster dendrogram between structures and functional properties was constructed.
Large-sized fraction of high-amylose starch was very relative with normal starch.
